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RATIO2.7WJZ’H00-AND47 SWEEPEACKAT

MACHNUMBERSOF 1.41AND1.96

By CarlR.Jacobsen

SUMMARY

An investigateionhasbeenmadeintheLangley9- by 12-tichsuper-
sonicblowdowntunneltodeterminethecontrolcharacteristicsof full-
spantrailing-edge.spoilersontworelatedfull-blmrtwings(trailing-

. edgethicknessequaltomaximumwingthickness)ofaspectratio2.7with
0°and450sweepbackatMachnumbersof 1.41and1.96. A wingsimilarh
planformto theunsweptwhg, butlargerandhavinga partiallyblunt.
trailingedge,wasalsotestedwitha pivotedfull-spantrailing-edge
spoilerwhichbecamedetachedfromthesurfaceofthewingat thehigher
projections.Alsoincludedaretheresultsobtainedfora spoilerlocated
atthe70-percent-chordlineof thetwofull-bluntwings.Theresults
wereobtainedatReynoldsniunbersrangingfrom1.3 x 106to2.3X 106.

Theresultsof theinvestigationshowedthatthetrailing-edge
spoilercausedlargerchangesinlift,rollingmoment,andpitching
momentthanthespoilerlocatedat the70-percent-chordHne. The
effectoftheverticalgapbetweenthepivotedspoilerandthesurface
ofthewingatthetrailingedgewasto reducesharplytherateof
change.oftheMft incre~ntandrolMngmomentwithfurtherprojection.
Fromlateral-controlconsiderations(rollingmoment,wingtwisting
moment,andprobablehingemoment),thetrailing-edgespoileronthe
unsweptpartiallybluntwingcomparedfavorablywitha 25-percent-chord
trailing-edgeflap.

INTRODUCTION

Previousexperimentalinvestigationsat supersonicspeedshave
showntherolling-momenteffectivenessof spoilerstobe comparableto
therolling-momenteffectivenessof flap-typecontrols(refs.1 and2).

* Spoilers,therefore,,a~earpromisingsincetheymightalsobe expected
to causelesswingtwistingmoment(ref.2) andhavelowerhingemoments

*



(ref. 3) thanflap-typecontrob.Reference”-lhasshoynspoilereffec-
tivenessto increasewithrearwardchordwisemovementofthe-spoiler,
indicatingthatthemaximumeffectivenessmightoccuratthetrailing
edge.Forstructuralreasons,trailtig-edgespoilersappearpractical
foruseonlyonblunttrailing-edgewings.Theresultsofreferences4
and5 tidicatethata partiallyblunttrailing-edgewingmightbe used
atMachnumbersoftheorderof 1.0or2.0withlittlepenaltyinthe
wingaerodynamiccharacteristics.Calcuhtionshavefurtherindicated
thatathigherMachnumbersthewingtrailingedgemaybe thickened
considerablywithlittleorno increaseindrag.

In ordertaobtaininformationconcerningthecontrolcharacter-
isticsof spoilersonwingswithfull-blunttrailingedgesat super-
sonicspeeds,taninvestigationhasbeenmadeof spoilerslocatedat the
trailingedgeoftwountaperedwingsof aspectratio2.7with0° and
450sweepback.Becausethesefull-bluntwingswereexpectedtohave
excessivedragatthetestMachnumbers,a trailing-edgespoilerwas
alsotestedona winghavingthesameplanformasthe.unsweptwingand
a ratiooftrailing-edgethicknesstomaximumthickessofone-third.
Thespoileronthispartiallybluntwingwaspivotedaboutthe85-percent-
chordstationandbecamedetachedfromthesurfaceofthewingatpro-
jectionsabove2.4percentofthechord,thusallowingairflowbetween
thespoilerandthewing.Forcomparisonpurposes,datawerealso
obtainedforthetwofull-blmtwingswithspoilerslocatedatthe
70-percent.chordline. —

TheinvestigationwasmadeatMachnumbersof 1.41and1.96 and
atReynoldsnumibersrangingfrom1.3X 106to2.3X 106. Datawere
obtainedwhichwereapplicabletopositiveandnegativespoilerprojec-
tionsatanglesofattackupto25°.
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COEFFICIENTSANDSYMBOLS -—

liftcoefficient,Lift/qs

tiagcoefficient,Drag/qS

pitching-momentcoefficient,

Pitchingmomentakmut0.255
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grossrolling-momentcoefficient,-

Rollingmomentofthesemispanmodel
2qSb

rolling-momentcoefficientdueto controlprojection,
%ross - (C,*O.J;=O

grossyawing-momentcoefficient,

Yawingmomentof thesemispanmodel
2qSb

yawing-momentcoefficientdue
cngross- (cngo..)g=o

incrementsinlift,drag,and
coefficientsdueto spoiler

basepressurecoefficient

free-streamdynamicpressure,

semispanwingarea,sq in.

wingchord,in.

meanaerodynamicchord,in.

wingspan,twicedistantfrom
towingtip,in.

to controlprojection,

pitching-moment
pro~ection

lb/sqIn.

wingrootchord

spoilerprojectionmeasuredfromwingsurfaceina
planenormalto chordline,positivewhenlocatedon
uppersurface,in.

angleofattack,deg

Reynoldsnumberbasedon &
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MODEIS ..–P-

Thethreesemispan-wingmodelsof solidsteelwhichweretested
(designatedA, B, andC andseeninfigs.1 and2)haduntaperedplan
formswithaspectratiosof2.7andsymmetrical,6-percent-thick,flat-
sidedsectionswithleading-edgewedgeswhich-extended-tothekO-percent-
chordstation.WingA wasunsweptandhada full-blunttrailingedge
(fig.1). WingB wassweptback4.50but,otherwise,wasidenticalto
wingA. Thespoilerslocatedatthetrailtigedgeandat the~-percent-
chordlineofwingsA andB extendedfromthewing-fuselageintersec-
tionat0.16~/2tothewingtip. Control”projectIons“weresimulated
by progressivelymachiningthe0.028-inch-thickbrassspoilersfroman
initialprojectionof6 percentofthechord.downtoeachdesiredheight.
Pressureorificestomeasurethebasepress~eofwingA werelocated
at23,47,71>and95percentoftheexposedsemispan.

.

WingC (figs.2 and3)wassimilartowingA butwaslargerandhad
thetrailingedgebeveledtoa 2-percent-chordthiclmess.Thetrailing- .—

edgespoilerforwingC pivoted
extendedfromthewing-fuselage

aboutthe85-percent-chordstationand
junctureat 0.llb/2tothewingtip. 6

TUNNEL J... — ●---

TheLangley9- by 12-inchsupersonicblowdowntunnel.inwhichthe
presenttestsweremadeutilizesthecompressedairoftheLangley
19-footpressuretunnel.Theairentersatanabsolutepressureof

about2~ atmospheres.3 To insure condensation-freeflow,theairis

passedthrougha silica-geldryer,andthenthroughbanksoffinned
electricalheaters.Thecriteriafortheamountofdryingandheating

—

necessaryforcondensation-freeflowwereobtainedfronireference6. .

ThetwotestsectionMachnumbersareprovidedby interchangeablenozzle
blocks.Thefree-streamMachnumbershavebeencalibratedat 1.41t 0.02
~d 1.96 * 0.02. Thecorrespondingstatic-pressurevariationswereabout
t2.Opercentat .M= 1.41 andi2.2percentat M = 1.96. Thedeviation
instreamangleforthetunnelclearconditionwasiO.250at M = 1.4.1
andti.20°at M = 1.96. Theresultsofthetunnelcalibrationtests
(ref.7)wereusedindeterminingthedynamicpressureswhichwereused .__.._
inreducingthedata. —

TheaveragedynamicpressureandReynoldsnumberateachMach
numberforthethreemodelsareasfollows:
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Mach Reynoldsnumberfor-
number (lb/s:in.)

WingsA andB wingc

1.41 12.o 1.6X 106 2.3 x 106
~.96 10.5 1.3 1.9

ThetestReynoldsnunberdecreasedabout2 percentduringthecourseof
eachrunbecauseof thedecreasingpressureoftheinletair.

TESTTECHNIQUE

Thesemispanmodelsusedinthisinvestigationwerecantilevered
froma strain-gagebalancewhichmountsflushwiththetunnelwalland
rotateswiththemodelthroughtheangle-of-attackrange.A testbody
wasattachedtoeachof thewingsandloadsweremeasuredonthewing-
bodycombinations.Thetestbodyconsistedofa half-bodyofrevolution
anda 0.25-inchshimwhichwasusedtoraisethehalf-tidyofrevolution
offthetumnelwallandthusminimizetheeffects.ofthetunnel-wall
boundarylayerontheflowoveritssurface(ref.8). Becauseof the
balancedeflectionunderload,a gapofabout0.010inchwasmaintained
betweenthetestbodyandthetunnelwallundera no-loadcondition.
Therolling-andyawing-nmmentaxeswerelocatedat theelectricalcenter
of thebalance(seefigs.1 and2).

Allthreewingmodelswereoriginallytestedbothwithandwithout
transitionstrips.Becauseoftestdifficulties,theonlyfinaldata
obtainedwerethosewithouttransitionstripsforthefull-bluntwings,
A andB, andthosewithtransitionstripsforw~ C. The transition-
fixeddataforwingC wereobtainedwitha 0.033cbandof Carborundum
grainshavingmaximumdimensionsof about0.004inchwiththeforward
edgeof thebandlocated0.065cbehindthewingleadingedge.The
investigationwasmadeat anglesofattackwhichvariedfrom-26°to2’j0
andat spoilerprojectionswhichvariedfromO to 10percentof thewing
chord.Completedataforallwingandsmilerconfi ations,however,
wereobtainedonlyat anglesofattackfrom-@ to8%nd at spoiler
projectionsfromO-to6 percentof thewingchord.Theangle-of-attack
rangeat.M = 1.41 wasnecessarilymorelimitedthanat M . 1.96
becauseoftunnelblockageandshock-interferenceeffects. 1
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ACCURACY

No tarecorrectionshavebeenappliedtoanyofthedatapresented.
Froma generalconsiderationofbalance-calibrationaccuracyandrepeata-
bilityof data,theaccuracyof themeasurementofforcesandmoments,
intermsof coefficients,arebelievedtobe aboutas follows:

CL . . . . . . . . . . . . . . . . . . . . . . . . r. . . . . to.go5
c1 . . . . . . . . . . . .*. . . . . . . . . . . . , . . . . ~ocool
CD . . . . . . . . . . . . . . . . . . . .. . ,..~... . . ● to.ool
cm . . . . . . . . . . . . . . . . . . . . . . .*.* , . . .

—
io.oo2

Cn . . . . . . . . . . . . . . . . . . . ● . . . . . ● ., . .io.0002

Theangle-of-attackvaluesarebelievedtobe accurat6withiniO.0~,
baseduponthelimitationsofthemechanicalangle-of-attacksystemand
thecalibrationchartsfromwhichtheactualvalueswereobtained.

RESUE1’SANDDISCUSSION —
h

Variationsofthelift,rolling-moment,andpitching-momentcoeffi-
cientsofthesemispanmodelswithprojectionof spoilers locatedatthe
trailingedgeofthethreewingsarepresentedinfiguresk to 6 for
variousanglesofattack.Theseforceandmomentmeasurementsarepre-
sentedprimarilyto showsamplesofthebasicdataas.themeasurements
includeloadsona somewhatarbitrarytestbodyandare,therefore,not
directlyapplicabletoconfigurationsincludtigmoreconventionalbody
arrangements.It isbelieved,however,thattheuseofa differentbody
arrangementwouldnotqualitativelyaffectthedata.Therangeoftest
variablesforthetwowings,A a~dB, withthe70-percent-chord-station
spoilers(notpresented)wasessentiallythesameasthatforthe
trailing-edgespoilers.Basepressuremeasurementsobtainedalongthe
trailingedgeofwingA (unsweptfull-bluntwing)bothwithandwithout
a 6-percent-chord-heightspoilerarepresentedinfigure7.

Becausethemodelsaresymmetricalthedataobtainedinthenegative
angle-of-attackrangewerealsoapplicabletonegativespoilerprojec-
tionsatpositiveanglesofattack.Thedatacontainedinfigures4 to
7 are,therefore,presentedatrepresentativepositiveanglesofattack
infigures8.and9..Comparableforcedataforthespoilerlocatedat
the~-percent-chordlineof thetwofull-bluntwings,A andB, along
withcompleteincremental-dragandyawing-momentdataarealsoincluded
inthesefigures.Forthefewverylimitedcasesinwhichdatawere
obtainedforthewingsbothwithandwithouttransitionstrips,the
dataindicatedthattheattempttofixthetransitionhadlittleeffect
on theincrementalloadscausedby theprojectedspoil-er.Thetrailing-
edgespoiler-base-dragand~- W3WiW&@ncrementsdueto spoiler

--

.

.
.-
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.
projectionobtainedon theunsweptfull-bluntwingby integrationof
thebasepressurescontainedinfigure7 areincludedwiththedrag
datainfigure8.

UnsweptWings

Liftandrollingmoment.-Allspoilersonthetwounsweptwings
producedsubstantialliftincrements(fig.8(a))androllingmoments
(fig.8(b))throughouttheangle~of-attackrange.Usuallythelift
incrementsandrollingmomentsdecreasedforupper-surfaceprojections
andincreasedforlower-surfaceprojectionsastheangleofattackwas
increased,thusindicatinglittlechangeintheliftincrementandthe
rollingmomentfordifferentiallyprojectedspoilerswithincreasing
angleof attack.Theliftincrementsandrolling-~menteffectiveness
ofthepivotedspoileron thepartiallyblmt wingat M = 1.41 were
slightlylessthemthoseof thetrailing-edgespoileron thefull-blunt
wingforprojectionsbelowthatatwhicha verticalgapoccurredbetween
thepivotedspoilerandthesurfaceof thewing(~= tO.024).At angles

=, ofattackof4°,8°,and14°,andat M= 1.96,theliftincrementsand
rolling-momenteffectivenessof thepivotedspoileronthepartially
bluntwingwereessentiallythesameas thoseofthetrailing-edge
spoileronthefull-bluntwingatprojectionsbelowthatforwhichthe
verticalgapoccurred.Beyondthisprojectionthesevaluesweresub- “
stantialdylessthanwhattheywereforthetrailing-edgespoileron
thefull-bluntwtig. Thespoileron thepartiallybluntwingwaspro-
jectedup to 10percent,buttherewaspracticallyno differencebetween
theliftincrementsandrollingnmmentsat 6 and10percentprojection
(seefig.6). Consequently,thedatafrom6 to 10percentprojection
wereomittedfromthesefigures.

Forequalspoilerprojectionson thefull-bluntwtigs,thetrailing-
edgespoilerinmostcaseshadabouttwicetheeffecton liftincrement
androllingmomentasthespoileratthe70-percent-chordwisestation.
Thepivotedspoileralsohadmoreeffectpriorto theoccurrenceofthe
verticalgapandinseveralcasesithadmoreeffectupto 6 percent
projectionthanthespoilerat the~-percent-chordwisestation.

A generalillustrationof theeffectofa smilerontheflowovera
wing,baseduponthepressure-distributionmeasurementsofreference1,
ispresentedinfigure10. Thedashedareasaheadof andbehindthe
spoilerindicateapproximatedead-airregions.Thesedead-airregions
areusuallyaccompaniedby a flowcompressionaheadofanda flowexpan-
sionbehindthespoiler.Generally,themagnitudeofthenegative
loadingresultingfromthecompressionexceededthemagnitudeof the
positiveloadingresultingfromtheexpansion.Fromfigure10,itcan.
be seenthatthedifferencespreviouslynotedbetweentheeffectsofthe

*
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trailing-edgespoilerandthespoileratthe70-percent-chordwisestation
.

onthefull-bluntwingweredirectlyrelatedtotheabsenceofanyloading
behindthetrailing-edgespoilerto offsetthelargeloadingaheadof it. .-

Pitchingmoment.-Thepitching-momentincrementswereverylarge
forthetrailing-edgespoilersas comparedwiththecorrespondingvalues
forthespoilerat the70-percent-chordstation.Theselargeincrements
inpitchingmomentforthetrailing-edgespoilermigh~beundesirable
becauseof theassociatedhigh-wingtwistingmoments.Itmaybe seen
fromfigure10thatthedifferencesin~itching-momentincrementdueto
spoilerchordwiselocationweredirectlyrelatedtothedecreasein
loadingbehindthespoileras itwasmovedbacktothetrailingedge.
Thepitching-momentincrementsof thepivotedspoileronthe.part~l~
bluntwing,wingC, werelessthanat M = 1.41 anda%outthesameat
M . 1.96 asforthetrailing-edgespoileronthefull-bluntwing,
wingA, atprojectionsbelowthatforwhichtheverticalgapoccurred

(betweenthepivotedspoilerandthesurfaceofthewing $ = io.024.)
Beyondthispointthepitching-momentincrementschangedonlyslightly
inmuchthesamemannerasdidtheliftincrementsandrollingmoments. ●

Forthetrailing-edgespoilers,thepitching-momentincrements
usuallydecreasedforupper-surfacespoiler.projectio~sandincreased
forlower-surfaceprojectionsastheangleofattackwasincreaaed.

..-

Thevariationoftheseincrementsathighprojectionsforthefull-blunt
wingwaslargeenoughthat,fordifferentiallyprojectedspoilerson
oppositewings,anappreciablelongitudinal.changeti...tr~at.m_odera!e_
tohighanglesofattackmightresult.Somewhatsmallertrim~~s “-
arealsoindicatedforthe70-percent-chord-stationspoiler.
trimchangesaremorepronouncedata Machnumberof 1.41andathigh
anglesofattackbecauseofreversalsinpitching~ment ofthelower-.

.-

surfacespoiler.
.—.—.—

Dragandyawingmoment.-Generally,thedragincrementsandyawing
momentsf,orthepivotedspoiler(figs.8(d).~.d8(e))_wereconsiderabQ
‘lessthantheywerefor.thespoilersonthe.full-bluntwing.‘These
valuescomparemorerealistically,however,whenitisrealizedthat -—

thefrontalareaofthepartiallybluntwing(wingC) wasnotincreased
untilafterthespoilerwaspro~ectedabovetheboat~iledsec-

—

(

—

)

— —
tion ~= 5.02 .

Theincrementaldragandyawingmomentsdecreasedforanupper-
surfaceprojectionandincreasedfora lower-surfaceprojectionas the
angleofattackwasincreased.Thebasemag ofthespoileronthefull-

—

bluntwingat.zeroangleofattackrangedfrom10and~ percentof the ““~ .-
totaldragincrementatMachnumbersof 1.41and1.96, respectively, to .*
abouttwice that at 8° angle of attack. Thesepercentagesillustrate,

●
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.

aswouldbe expectedfromshock-expansiontheory,thatmoredragwas
causedby thecompressionoftheflowaheadofthespilerthanby the
expansionoftheflowbehindit. Theincrementinwingbasedragdue
to spoilerprojectionwasinsignificantthroughouttheangle-of-attack
rangeatbothMachnumbers.

4Y SweptbackWing

Forthe.trailing-edgespoiler,thevaluesof liftincrement,
rolling-moment,andpitching-momentincrement(figs.9(a),9(b),and
9(c),respectively),ingeneral,decreasedforan upper-surfaceprojec-
tionandremainedfairlyconstantor increasedslightlyfora lower-
surfaceprojectionwithincreasingangleofattack.Forthistrailing-
edgespoiler,thelift,rolling-moment,andpitching-momenttrendsfor
upper-andlower-surfacespoilerswereaboutthesameforthesweptwing
as theywerefortheunsweptwing. Thespoiler,however,usuallyhad
slightlylesseffecton lift,rollingmoment,andpitchingmomentfor
thesweptwingthanfortheunsweptwing.Forthe70-percent-chord-
stationspoilerprojectedfromtheuppersurface,thevaluesof lift
incrementandrollingmomentweregenerallyhalfor lessthanwhatthey
wereforthetrailing-edgespoiler.Forlower-surfaceprojections,how-
ever,reversalsinliftincrementandrollingnmmentwereobtainedwith
smalls~ilerprojectionsatmoderateanglesof attackandwithall
smilerprojectionsathighanglesof attack.Reversalsb pitching-
momentincrementcausedby theprojected70-percent-chord-stationspoiler
wereobtainedwithbothupper-andlower-surfaceprojectionsat small
anglesof attack.Thesepitching-momentreversalsforupper-surface
spoilerprojectionsgraduallydisappearedwithincreastigangleof attack
untiltherewereno reversalsatanglesofattackabove80. Forthe
sweptwing,them-percent-chord-stationspoilersonthelowersurface
ordifferentiallyprojectedw-percent-chord-stationspoilersonopposite
wingsdonotprovidenearlyas satisfactorylift,rolling-moment;and
pitching-momentchangesas theydofortheunsweptwing.

Forthetrailtig-edgespoiler,thedragincrementsandyawing
moments(figs.9(d)and9(e),respectively)decreasedforanupper-
surfaceprojectionandincreasedfora lower-surfaceprojectionas the
angleof attackwasincreased.Generally,thesetrendsweresimilarto
thosefortheunsweptwing,buttheamountofvariationwithspoiler ‘
projectionwaslessinmagnitudefordragandslightlygreaterinmagni-
tudeforyawingmoment.Forthe70-percent-chord-stationspoiler,how-
ever,thevariationsof dragincrementandyawingmomentwithangleof
attackwere,ingeneral,somewhatdifferentfromthosefortheunswept
wing.



NACARM L52J28

ComparisonofSpoilerDataWithFlapData

Thefollowingtableillustratestheeffectofspoilersandflaps
ontheaerodynamiccharacteristicsof twowingsatanangleofattack
of o“:

rPartiallybluntPartiallyblunt
Reference9
Reference1

Control

Flap
Spoiler
Flap
Spoiler

h/c 6>
deg

5*7
-0.04

6.3
-ok

0.041o.oo~ -0.02200.0025
.041 .00* -.0240 .0134
.031 .0043 -.0174 .0041
.031 .0043 -.0067 .0244

Includedinthetablearevaluesobtainedfora full-s~n.25-mercent-
chord,trailing-edgeflaponthepartiallybluntwing~f{he”m;esent
investigationat M = 1.96 (unpu~lished)-andonan&sweptw“tiRhaving

-.

—
.

anaspectratioof2.5,a taperratioof0.625,and6-Per~enth=xagona~
airfoilsectionsat M = 1.90 (ref.9). Also includedarevaluesfor
thetrailing-edgespoileronthepartiallybluntwingofthepresent
investigationat M = 1.96 andvaluesobtainedat M = l.~ fr~ refer-
ence1 by usingthe55-,65-,and75-percent--chord-stat~onspoilerdata
to inte~latefora 70-percent-chord-stationspoiler.(Thesamewing
wasusedinbothrefs.1 and9.) Theforceandmcmentcoefficients
obtainedfromreferences1 and9 whichwerebasedonexposedwingarea
anda pitching-momentaxislocatedatO.% havebeenalteredto conform
tothedefinitionsgiveninthepresentpaper.Thesecoefficients,how-
ever,shouldnotbe directlycomparedwiththecoefficientsobtainedin
thepresentinvestigationforthe~-percent-chord-stationspoiiers,
primarilybecausethemeasurementswereobtainedfroma wingmounted
inthepresenceofa bodyandnotfroma wing-bodycombinationaswas
doneherein.Also,a smallgapexistedbetweenthewingand.bodyfor
theinvestigationsofreferencesI and9 inadditionto thewingair-
foilsectionbeingdifferentfromtheairfoilsectionoftheunswept
full-bluntwingofthepresentinvestigation.Itcanbe seenfromthe
tablethat,forequalliftincrementsandrollingmoment(LCL,C!Z),the
spoilerscausedconsiderablymoredragthandidthefla-ps~It iS
interestingtonotethatforthepartial-bluntwingthepitching-moment
increments(and,consequently,thewingtwistingmoments)forthe
trailing-edgespoilerareonlyslightlyhigherthanfortheflap.This
wouldindicate onepossibleadvantageofusingspoilers,inthatthe
hingenmmentswouldbe expectedtobe lowerfqr thespoilerthanfor
theflap. It shouldbe pointedoutthat,forequalrolling-moment
effectiveness(C2= O.00~

i
, the~itching-momentincrementsforthe

trailing-edgespoileront e unsweptfull-hltitwingarehigherthan ‘“
forthepartiallybluntwing(-0.0330ascomparedwith-0.0240).The

e

—

,
—

.
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data,however,indicatethesevaluestobemorenearlyeqml atangles
of attackgreaterthanOO. Consequently,thissmilershouldalsocom-
parefavorablywitha flapsincethevariationofpitching-momentincre-
mentwithflapdeflectionwasaboutindependentofangleofattack.The
tableshowsthepitchingmomentforthe~-percent-chord-staticmspoiler
tobe lowerthanfortheflapwhichwouldindicatea disttnctadvantage
overtheflap;however,aswaspointedout,thisspoilerwasnotas
effectiveasthetrailing-edgespoiler.

Itwillbenotedinthetablethatabout6°flapdeflectionare
requiredtoproducethesameeffectivenessasa spoilerprojected4 per-
centof thewingchord.Thisresultwouldihdicateonepossibledis-
advantageinusingspoiler,inthatflapdeflectionsinexcessof 6°are
lmowntobe practical,whereasspoilerprojectionsinexcessofthe
thicknessofthewingmayinvolvestructuralproblems.

CONCLUDINGREMARK3

An investigationhasbeenmadeintheLangley9-by l$?-inchsuper-
sonicblowdowntunneltodeterminethecontrolcharacteristicsof full-
spantrailing-edgespoilersonseveralblunttrailing-edgewingsof
aspectratio2.7atMachnumbersof 1.41and1.96.Theresdtsshowed
thatthespoilerwasmoreeffectivewhenlocatedat thetrailingedge
ofan uusweptor450sweptbackwingthanwhenlocatedatthe70-percent-
chordline.Thespoiler,whenlocatedatthe~-percent-chordlineof
theunsweptwing,waseffectiveinproducingrollingmoment;butwhen
locatedatthe70-percent-chordlineofthesweptwing,thespoilerwas
notnearlyas effectiveandtendedtoreverseforlower-surfacepro~ec-
tionswithincreasingangleofattack.

Theeffectoftheverticalgapbetweenthepivotedspoilerandthe
surfaceofthewingatthetrailingedgewastoreducesharplytherate
ofchangeoftheliftincrementandrolltngmomentwithprojectionabove
a gapof about2 percentchord.

Fromlateral-controlconsiderations(rolltigmoment,wingtwisting
?mment,andprobablehingemoments),thetrailing-edgespoileron the
unsweptpartiallybluntwingcomparedfavorablywitha 25-percent-chord
trailing-edgeflap.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.
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